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Abstract: Silver nanoparticles of size ranging from 1 ∼ 100 nm are petite metallic 
colloidal particles, with its applications in diagnostics, biomarkers, imaging, cell labeling 
and drug delivery. Fungus-mediated synthesis of silver nanoparticles is an ecofriendly and 
green process with a comparatively simpler downstream processing. In the present 
study, the ability of macrofungi and pine stand soil fungi was evaluated for their ability to 
synthesize both extracellular as well as intracellular silver nanoparticles. When the macro 
and microfungi were challenged with 1 mM silver nitrate, colour change of the cell free 
filtrates indicated the formation of silver nanoparticles. The presence of silver 
nanoparticles was confirmed by Surface Plasmon Resonance absorption band in visible 
wavelength visualized every 24h upto 72h.Silver nanoparticles are known to possess a 
sharp peak in a range of 400-450 nm and peaks observed at 457nm, 403nm and 414nm by 
mushroom support their synthesis in comparison to that of 349nm by soil fungi. 
Transmission Electron Microscopic analysis of the silver nanoparticles revealed the 
nanorange, dimensions and structural conformation ofbio synthesized nanoparticles. 
Synergistic study of the synthesized nanoparticles revealed a significant antibacterial 
activity against four pathogens viz. MTCC 730 (Escherichia coli), MTCC 1925 
(Streptococcus pyogenes), MTCC 96 (Staphylococcus aureus) and MTCC 430 (Bacillus 
cereus).Additionally, the silver nanoparticles inhibited the growth of the yeast 
pathogen MTCC 183 (Candida albicans) which showed synergistic enhancement in 
activity along with flucanazole. The fungal samples were analyzed for phytochemical 
constituents who led to reduction of silver nitrate into nanoparticles. The results obtained 
indicated that the experimental voucher fungus  are more competent than soil fungi in 
synthesizing silver nanoparticles and can be used a  potent natural antibacterial source for 
various pharmaceutical and textile applications.  
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1. Introduction 
Nanotechnology, a new era of science and 
technology basically deals with the mater at their 
molecular level. The metal nanoparticles are widely 
been used in various biological allied fields as a 
source of catalysts, optoectronics, drug delivering 
unit, both as a chemical or biological sensor for its 
unique structural conformation, chemical 
composition and properties [1]. Because of its 
enormous importance, eco-friendly and cost-
effective techniques are continuously getting 
explored for its synthesis. Among all the microbes, 
fungi possess higher tolerance and metal 
accumulating properties, which is an elemental trait 
for the synthesis of metal nanoparticles [2]. 
Northeastern paradox of India is one of the 
biodiversity hotspots with diverse ranges of flora and 
fauna has engrossed the researchers over the years, but 
only about half are explored for their applicability 
[3].The fungal system is also known as myco-
nanofactories for its metal microbe interaction which 
have contributed to the process of bio-nanoparticles 
synthesis. Another benefit of considering fungal 
community in metal nanoparticles synthesis is its 
availability and ease to scale up. Fungi are known as 
secretors of various extracellular enzymes, thus 
making ease to use it for the synthesis of large scale 
metal nanoparticles [1,4].Filamentous fungal species 
viz. Fusarium oxysporum, Verticillium sp., Aspergillus 
sp., Rhizopus sp., Penicillum  fellutanum, P. 
brevicompactum, Alternaria alternata are extensively 
explored for the synthesis of silver nanoparticles by 
either deposition of metal on the surface of 
cytoplasmic membrane or by synthesizing active 
extracellular enzymes [5,6]. But reports are scarce for 
the synthesis from macrofungi (Mushroom). 
Mushrooms are rich in lectins, polysaccharides, 
phenols, polyphenols, terpenoids and are known to 
possess antioxidant, anti-inflammatory, antitumor, 
antiviral, antimicrobial, anti-cancerous activities and 
so on [7,8]. An extracellular synthesis of silver 
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nanoparticles has been reported with few edible straw 
mushrooms including Volvariella sp., Agaricus 
bisporus, Pleurotus ostreatus but the underlying 
mechanism for its synthesis is yet to be elucidated [5]. 
Although several enzymes, active components 
together determines the reduction of metal ion into 
nanoparticles, the identification of the potent active 
compound in a biomatrix is utmost important for the 
pilot production of the stable active metal 
nanomaterials. 
Biologically synthesized nanoparticles are considered 
non xenobiotic that have shown wide range synergistic 
activity against the clinical microbes. The monovalent 
silver ion (Ag+) get release in the microbial cell are 
known to suppress the respiratory enzymes and chain 
and thus inhibit the growth of the microbes apart from 
its antagonistic activities against the cellular 
membrane [9-11]. 
In the present study, we aimed at comparative analysis 
of active phytoconstituents and silver nanoparticles 
produce by both pine stand soil fungi and macrofungi 
(mushrooms) habitats at high altitudes of eastern 
Himalayan range in terms of its stability, shape, size 
and its efficacy singly and in combination to that of 
commercial antibiotics against few potent clinical 
microbes. 
 
2. Materials and Methods 
2.1. Sampling 
Samples of pine stand soil and macrofungi were 
collected from subtropical forest siteswithin NEHU, 
Shillong in mid-monsoon of 2016 and brought to the 
laboratory under sterile conditions. 
 
2.2. Isolation and Characterization 
  
The macrofungi were washed with luke warm water 
to remove the dirt and were kept overnight by gills 
upside down to obtain spore print. A part of the 
macrofungi were preserved in 4% of formaldehyde 
and kept in the in- house culture collection center of 
the parent university. Whereas the soil fungi were 
isolated from the pine stand soil by serial dilution. 
The isolated colonies were sub-cultured to obtained 
pure colonies in potato dextrose agar (PDA) and were 
maintained by slant culturing for its identification  
The identification of the macrofungi and soil fungi 
was carried out both by microscopic and nuclear ITS 
molecular barcode (ITS1F 5’-
TCCGTAGGTGAACCTGCGG-3’ and ITS4R 5’-
TCCTCCGCTTATTGATATGC-3’gene sequence) 
[12].The chromas so obtained after molecular 
sequencing were aligned using ClustalW software and 
searched for it homologies by BLAST to create an 
evolutionary distance matrix using Molecular 
Evolutionary Genetics Analysis software (MEGA 6) 
software. The sequences were later submitted to NCBI 
to obtain the accession numbers.  
2.3. Extraction of secondary metabolite 
The fresh fruiting bodies of the mushroom were air 
dried and ground to fine powder using a domestic 
blender.1:10 ration of dried mushroom powder to 
methanolic solvent were mixed and were set asideat 
shaker incubator for next 24 h where the supernatant 
were filtered for further analysis [13]. The fresh pure 
mycelia of the soil fungi were subjected to potato 
dextrose broth (PDB) in 1000ml Erlenmeyer flask for 
7-8 days at 28ºC. The incubated flasks after week 
incubation were filled with 300 ml of methanol and 
were allowed to stand for a day in a shaker incubator 
until the extracellular metabolite get extracted in the 
solvent. Later the methanolic extract was extracted 
with sterilized distill water to remove the unwanted 
debris [14]. 
 
2.4. Qualitative phytochemical analysis of fungal 
metabolites 
The extracellular methanolic extract of both 
macrofungi and soil fungi was subjected to chemical 
analysis to determine the active constituents. A slight 
modification method of Okerulu and Ani (2001) was 
considered to analyse the presence of alkaloids, 
phenolics, terpenoid, steroid and flavonoid content in 
the metabolites [15]. 
 
2.5. Biosynthesis of silver nanoparticles (AgNPs) 
 
The biomass from both the fungi was obtained for the 
synthesis of AgNPs. About 10g of the fresh fruiting 
bodies were air dried and powdered into fine particles 
by a domestic grinder. The mushroom powders were 
suspended in 100ml of sterile distilled water for 
10mins at 55ºC in Erlenmeyer flask which were later 
filtered and treated with 1mM AgNO3 [16]. 
Fresh mycelia from the soil fungi were inoculated in 
PDB for 6-7 days at 28ºC and were kept in an agitator 
at 120 rpm. The filtered biomass after 6-7 incubation 
were harvested in sterile distilled water to obtained 
cell free extract which were treated with 1mM AgNO3 
[17]. 
Both the treated filtered were kept undisturbed at room 
temperature in dark. Control containing cell free 
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extract without AgNO3 treatment were run 
concurrently along with the experiments. 
 
2.6. Characterization of silver nanoparticles 
(AgNPs) 
After 8h of treatment, the preliminary detection of the 
formation of AgNPs was carried out by visual 
observation of colour change in the cell free extract. 
The AgNPs formed were later characterized by UV-
visible spectroscopy (CARY-100 BIO UV-vis 
Spectrophotometer; Varian Inc., Palo Alto, CA, USA) 
based on the surface plasmon resonance (SPR) at a 
range of 325-550nmwith a resolution of 1 nm for an 
interval of 24 to 96 hrs [18].Transmission Electron 
Microscope and Selected Area Electron Diffraction 
(SAED) of the synthesized biomatrix nanoparticles 
were acquired withJEOL JSM 100CX TEM 
instrument (Jeol, Tokyo, Japan). Distributions of 
particle size and average lattice of the nanoparticles 
were analyzed by Image J software (National Institutes 
of Health, USA). 
 
2.7. Antimicrobial Susceptibility Assay 
In vitro antimicrobial activities of the synthesized 
nanomaterials were carried out using disc diffusion 
method against fourbacterial clinical isolates viz. 
Escherichia coli (MTCC730), Staphylococcus aureus 
(MTCC96), Bacillus cereus (MTCC430), 
Streptococcus pyogenes MTCC1925) and a 
pathogenic yeast Candida albicans (MTCC183) [19]. 
The pathogenic isolated wererevived on Brain Heart 
Infusion (BHI) media (for bacteria) at 37°C for 18 to 
24 h and PDB (for pathogenic yeast) at 28°C for 48 h 
which were further diluted to attain a turbidity of 0.4-
0.5 McFarland standard. Antimicrobial assay of the 
synthesized AgNPs was assayed in Mueller Hinton 
Agar (MHA) plates using sterile susceptibility disc 
(Himedia, India) of diameter 6mm onto which 50µl of 
the AgNPswas separately loaded. The synergistic 
activity of the AgNPs was measured for its efficiency 
with standard commercial antibiotic Gentamicin 
(10µg) and Flucanozole (25µg) after 24 and 48h 
incubationat 37°C and 28°C for bacteria and fungi 
respectively. The zone of inhibition depicted by the 
synthesized AgNPs and AgNPs + Gentamicin, were 
measured individually.  
 
2.8. Assessment of fold area increase  
Synergistic activities of the synthesized AgNPs were 
analyzed by calculating the mean surface area of zone 
of inhibition by antibiotic and to that of AgNPs in 
combination with antibiotics. The fold increase area 
was determined by the following relation  
(B2 -A2)/A2 
where A is zone of inhibition for antibiotic and B is 
AgNPs in combination with antibiotic. 
 
3. Results and Discussions 
3.1. Study area  
The samples were collected from subtropical forest 
sites covering around 4.14km2 within NEHU, 
Shillong (25º36’59.25”N, 91º53’51.17”E) with an 
elevation of 4346ft in mid-monsoon of 2016 
(Figure1). 
A
B
C
Meghalaya
East 
Khasi 
Hills
 
Figure1: GIS mapping of the study site. 
3.2.   Identification of fungal isolates 
The morphology (physical/spore morphology) study 
revealed distinct characteristics which gave a tentative 
identification of the isolates as illustrated in TABLE 
1. The nuclear ITS region of rRNA gene were 
sequenced and the chromas obtained were deposited to 
NCBI GenBank. Both the macrofungi and soil fungi 
were identified based on the closest homology of the 
ITS sequence (rRNA gene) by NCBI BLAST search 
and was aligned in ClustalW program to construct a 
phylogeny with bootstrap replica of 1000 using 
MEGA6 software (Figure2).  
 
TABLE 1: Morphological and Microscopic 
observation of the fungi 
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Figure2: Evolutionary positions of macrofungi with 
their related species based on rRNA-ITS sequence 
similarity. 
 
They were identified to be Pleurotus ostreatus 
(KY594002), Lactarius glaucescens (KM282287) and 
Formitopsis ostreiformis (KM282281). Soil fungi 
Trichoderma strigosellum (KX831664), Myrothecium 
verrucaria (KY594003), Penicillium striatisporum 
(KY594004) were obtained from the pine stand soil 
(Figure3). 
 
Figure3: Evolutionary positions of soil fungi with 
their related species based on rRNA-ITS sequence 
similarity. 
3.3. Phytochemical analysis of the fungal 
metabolite 
The comparative phytochemical profiles of the fungal 
metabolites are presented in TABLE 2.  Presence of 
alkaloid was observed in all the soil fungi and 
macrofungi except in Pleurotus ostreatus. 
Terpinoid/steroid content are negligible in the 
mushroom extract however, the presence of steroid in 
Penicillium striatisporumis quite significant followed 
by the terpenoid content in Myrothecium verrucaria. 
Flavanoid in the group of polyphenols are known for 
various immunity promoting aspects including 
antioxidant, anti-inflammatory, anticancer and 
antimicrobial properties [20]. They exist widely in 
mushrooms which correlate with our study as the 
flavanoid content in macrofungi metabolite with 
significant high than that of soil fungal metabolites. As 
per the reported value 100g of dry mushroom weight 
have around 76-1000mg of flavonoid which correlates 
with our study [21.The mushroom metabolite display 
higher rate of antioxidant activity owning to the higher 
amount of combined polyphenolic compound and 
alkaloids [23, 24].  The phenolic compounds are 
known as aromatic metabolites that give colour, taste, 
odour along with certain health promoting aspects. 
The phenolic constituent in our study shows 
significant result in the mushroom metabolite than that 
of soil fungal metabolite owning to higher rate of 
antioxidant activities of the mushrooms as reported 
[13]. The aura of various phytocontituents in the 
metabolites may be the consequences of diverse 
 KM282287
 gb|GU258298.1|_Lactarius_glaucescens
 emb|FR852034.1|_Uncultured_Lactarius
 gb|GQ166898.1|_Lactarius_glaucescens
 KM282281
 gb|KC595919.1|_Fomitopsis_ostreiformis
 gb|KC595918.1|_Fomitopsis_ostreiformis
 gb|KC595920.1|_Fomitopsis_ostreiformis
 KP004971.1_Pleurotus_ostreatus
 KJ020935.1_Pleurotus_ostreatus
 KY594002
 KC582642.1_Pleurotus_ostreatus64
74
100
90
96
100
79
100
42
 KY594003
 KM246762.1_Myrothecium_verrucaria
 KY086249.1_Myrothecium_sp.
 KC806230.1_Myrothecium_verrucaria
 KX610325.1_Paramyrothecium_roridum
 Z95926.1_Trichoderma_strigosellum
 EU718080.1_Trichoderma_strigosum
 KX831664
 KJ439090.1_Trichoderma_strigosellum
 KY594004
 NR_121245.1_Penicillium_erubescens
 NR_121260.1_Penicillium_striatisporum
 AF038938.1_Penicillium_striatisporum99
98
100
49
99
100
55
31
95
53
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geographical habitats in which the soil nutrients and 
environmental or epigenetic factors have an important 
influence.The presence of these phytoconstitutent acts 
as an indicator for the particular species to ascertain 
them as a precursor for the advancement of various 
pharmaceutical products.  
 
TABLE 2: Phytochemical screening of the fungi 
 
3.4   Synthesis of AgNPs and its Characterization 
The change in colour after 24h of treatment of the cell 
free extract indicates the primary visual formation of 
AgNPs (Figure4) [19]. 
AgNPs synthesis by macrofungi using A-Silver nitrate (1mM) , B - Mushroom 
extract, C-Mushroom extract + Silver nitrate solution (1mM)
AgNPs synthesis by soil fungi using A-Silver nitrate (1mM) , B- soil fungal extract, 
C- Soil fungal extract + Silver nitrate solution (1mM)
A               B               C A             B             C A               B              C
A               B              C A               B              C A                B             C
 
Figure4: Digital images of the synthesized AgNPs 
with different metabolites. 
The confirmatory test for the biosynthesized 
nanomaterial from fungal matrix was further 
characterized UV-visible spectra at a range of 200-
800nm at a regular interval of 24-96h (Figure5).  
 
M. verrucaria T. strigosellum P. striatisporum
P. ostreotus L. glaucescens F. ostreiformis
Graphs indication; Red- 24h,  Blue-48h, Purple-72h, Brown – 96h, Green- 144h
 
Figure5: UV-Vis spectra showing different 
absorbance at different time interval 
 
Fungal cell free extract was treated with 1mM 
concentration of silver nitrate solution. A sharp peak 
at around 420nm indicates the formation of silver 
nanoparticles which supports our findings where a 
peak was observed at a range of 420-450nm in 
nanoparticles synthesized from macrofungi indicates 
its formation. Time correlation was observed in the 
synthesized nanomaterial from macrofungi which 
seems to be almost stable after 72h of treatment. The 
initial changes in color was observed in the treatment 
of cell free extract of soil fungi metabolite but a proper 
peak was not observed while viewing under UV 
spectra and was almost stable after 24h which 
indicates the cell free macrofungal extract being more 
potent for synthesis of AgNPs. A size distribution 
histogram indicates the clusters of synthesized 
nanoparticles with varied diameters [Figure6 (a)-7(a)]. 
The absorbance at 210nm indicates the presence of 
protein in the fungal filtrate and at 280 nm indicates 
the presence of tryptophan, tyrosine and phenylalanine 
residues in the protein which suggest the possible 
oxidation reduction conversion of silver ion into 
nanoparticles [17]. 
Further confirmation on the shape and size of the 
biomaterials was viewed in Transmission Electron 
Microscope (TEM). Shape, measurements and lattice 
diameter based on TEM images, reveals the final 
confirmatory formation of AgNPs with morphology 
approximately spherical for all synthesized AgNPs 
with uniform distribution in the synthesized 
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nanomaterials from macrofungi. However, a 
significant agglomeration could be seen in the TEM 
micrographs of AgNPs synthesized from soil fungi. 
The data obtained was analysed for the size of the 
synthesized AgNPs which ranges from 18nm to 25nm 
in diameter, with an average size of 21.5 ± 2.4 nm 
[Figure6 (b)-7(b)].The selected area electron 
diffraction (SAED) pattern indicates the crystalline 
biomatrix synthesized. The crystalinity nature of the 
synthesized nanoparticles was further investigated for 
the presence of lattice fringes with an average d-
spacing value range from 2.01-2.3 Ȧ. The ring shaped 
SAED pattern obtained in the study gives a 
confirmatory reduction of the silver ion into silver 
nanoparticles and indicates the nanoparticles to be 
crystalline in nature [Figure6(c)-7(c)]. 
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Figure6 (a): Histogram with size distribution of the 
synthesized AgNPs, (b): TEM analysis of the 
synthesized AgNPs, (c): SAED electron pattern of the 
synthesized AgNPs from macrofungi. 
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Figure7 (a): Histogram with size distribution of the 
synthesized AgNPs, (b): TEM analysis of the 
synthesized AgNPs, (c): SAED electron pattern of the 
synthesized AgNPs from soil fungi. 
 
3.5   Antibacterial activity of AgNPs in plate assay 
Silver metal is known for its broad spectrum 
antimicrobial activities. Combine effect of the 
synthesized nanoparticles along with the commercial 
antibiotics results in enhance synergistic effects 
against pathogenic microbes. The antibacterial 
efficacy of the biosynthesized AgNPs were assayed 
against four clinical isolates of bacteria viz. 
Streptococcus pyogenes (MTCC1925), 
Staphylococcus aureus (MTCC96), Bacillus cereus 
(MTCC430), Escherichia coli (MTCC730) and a 
fungal pathogen, Candida albicans (MTCC183). The 
observed zone of inhibition by the synthesized AgNPs 
along with its synergistic effect with commercial 
antibiotics suggests its bactericidal and fungicidal 
properties. The zone of inhibition was found to be 
more efficient for gram negative E. coli and 
pathogenic fungus C. albicans than other indicator 
strains. The AgNPs synthesised from macrofungal 
metabolites F.ostreiformis showed highest efficiency 
with zone of inhibition(13mm0 followed by 11mm 
and 9mm by P. ostreatus and L. glaucescens 
respectively against E. coli. Moreover the same 
showed its potency against the pathogenic fungi C. 
albicans to be 11, 12 and 9mm respectively. 
The synergistic activity of the synthesized AgNPs with 
the commercial antibiotic, Gentamicin and 
Flucanazole was evaluated by the increase in the fold 
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area where a significant activity, 71.7% efficiency was 
shown by the AgNPs synthesized by F. ostreiformis 
against E. coli. The AgNPs synthesized from soil fungi 
also showed fold area enhancement was viewed in 
association with Gentamicin against B. cereus with 
around 85% increase by AgNPs synthesized from P. 
striatisporum which supports the findings as reported 
by Devi et al., 2014 [3].The fold area increases depicts 
the potency of the synthesized bio-nanomaterials to 
enhance the antimicrobial activity with the 
commercial antibiotics as observed in our study in 
TABLE 3. 
 
TABLE 3: Antimicrobial and synergistic activity of 
the synthesized AgNPs against clinical pathogens 
 
 
 
4. Conclusion 
This study compares the active potent silver 
nanoparticles synthesis from both macrofungi and 
Pinus stand soil fungi from the habitat of high altitude 
temperate to cold climatic zone of the Eastern 
Himalayan biodiversity hotspot region. The AgNPs 
synthesized from mushrooms reveals more 
potentiality in terms of their antimicrobial activity 
against few clinical pathogens than that of the pine 
stand soil fungi. The enhanced synergistic activities 
could be the result of high phenolic and flavonoid 
constituents which are known to retard the growth of 
microbes. Even though the size of the soil fungi and 
macrofungi synthesized nanoparticles are almost 
likely to be consistent which ranges from 18-25nm, 
but enhanced antimicrobial activities are seen by the 
mushroom synthesized nanoparticles either singly or 
in combination with the commonly used commercial 
antibiotics. This study is the first report on the 
comparative analysis of bioactive nanoparticles from 
soil fungi and macrofungi from the microhabitats of 
Northeast India which provides vista for their further 
exploration as effective candidates for pharmaceutical 
usages. 
Acknowledgement 
Authors acknowledge the financial support received 
from Department of Science and Technology 
(SERB/SR/SO/PS/49/2012), Government of India to 
carry out the present work. Authors also thank 
Sophisticated Analytical Instrument Facility (SAIF), 
NEHU, Shillong for providing the SEM service 
 
References 
 
[1] K.B. Narayanan, N. Sakthivel, “Biological 
synthesis of metal nanoparticles by microbes,” 
Advances in Colloid and Interface Science, 156, 
pp. 1-13, 2010. 
[2] C.A. Ottoni, M.F. Simoes, S. Fernandes, J. 
Gomes dos Santos, E. Sabino da Silva, R.F. 
Brambilla de Souza and A.E. Maiorano, 
“Screening of filamentous fungi for 
antimicrobial silver nanoparticles synthesis,” 
AMB Express, 7, pp. 31-41, 2017. 
[3] L.S. Devi, D.A. Bareh, S.R. Joshi, “Studies on 
biosynthesis of antimicrobial silver nanoparticles 
using endophytic fungi isolated from the 
ethnomedicinal plant Gloriosa superb L,” 
Proceeding of National Academy of Science, 
84(4), pp. 1091-1099, 2014.  
[4] R.Y. Parikh, R. Ramanathan, P.J. Coloe, S.K. 
Bhargava, M.S. Patole, Y.S. Shouche, V. Bansal, 
“Genus-wide physicochemical evidence of 
extracellular crystalline silver nanoparticles 
biosynthesis by Morganella spp. PLoS One, 6 (6), 
pp. e21401, 2011. 
[5] A.M. Fayaz, K. Balaji, M. Girilal, R. Yadav, P.T. 
Kalaichelvan, R. Venketesan, “Biogenic 
synthesis of silver nanoparticles and their 
synergistic effect with antibiotics: a study against 
gram positive and gram negative bacteria,” 
Nanomedicine, 6, pp. 103-109, 2010. 
[6] A. Banu, V. Rathod, E. Ranganath, “Silver 
nanoparticle production by Rhizopus 
stolonifer and its antibacterial activity against 
extended spectrum β-lactamase producing 
(ESBL) strains of Entero bacteriaceae,” Material 
Research Bulletin, 46(9), pp. 1417–1423, 2011.  
[7] S. Bernardshaw, E. Johnson, G. Hetland, “An 
extract of the mushroom Agaricus blazei Murill 
administeres orally protects against systemic 
Streptococcus pneumonia infection in mice,” 
 
ADBU-Journal of Engineering Technology 
 
Borthakur, AJET, ISSN: 2348-7305, Volume 6, Issue 1, June 2017, 00610605 (09 PP)       
 
 
Scandinavian Journal of Immunology, 62(4), pp. 
393- 398, 2005. 
[8] T.A. Ajith, K.K. Janardhanan, “Indian medicinal 
mushrooms as a source of antioxidant and 
antitumor agents,” Journal of Clinical Biocheistry 
and Nutrition, 40, pp. 157-162, 2007. 
[9] X. Li, H. Xu, Z. Chen, G. Chen, “Biosynthesis of 
nanoparticles by microorganisms and their 
applications,” Journal of Nanomaterials. 2011, 
pp. 1–16, 2011. 
[10] D. Chen, X. Li, T. Soule, F. Yorio, L. Orr, 
“Effects of solution chemistry on antimicrobial 
activities of silver nanoparticles 
against Gordonia sp.,” Science of the Total 
Environment, 566, pp. 360–367, 2016.  
[11] J. Annamalai, T. Nallamuthu, “Green synthesis of 
silver nanoparticles: characterization and 
determination of antibacterial potency. Applied 
Nanoscience, 6(2), pp. 259–265, 2016. 
[12] T.J. White, T. Bruns, S, Lee, J. Taylor, 
“Amplification and direct sequencing of fungal 
ribosomal RNA genes for phylogenetics” in PCR 
Protocols: a Guide to methods and Applications, 
M.A. Innis, D. Gelfand, J. Sninsky, T. White 
(eds.,) Orlando, Florid, 1990. 
[13] S. Parihar, K.D. Virani, E.A. Pithawala, M.D. 
Shukla, S.K. Lahiri, N.K. Jain, H.A Modi, 
“Phytochemical screening, total phenolic content, 
antibacterial and antioxidant activity of wild 
edible mushroom Pleurotus ostreatus” 
International Research Journal of Pharmacy, 6 
(1), pp. 65-69, 2015. 
[14] A. Ramesha, C. Srinivas, “Antimicrobial activity 
and phytochemical analysis of crude extracts of 
endophytic fungi isolated from Plumeria 
acuminate L and Plumeria obstusifolia L. 
European Journal of Experimental Biology, 4(2), 
pp. 35-43, 2014. 
[15] O.S. Okerulu, J.C. Ani, “The phytochemical 
analysis and antibacterial screening of extracts of 
Tetracarpium conophorum,” Journal of Chemical 
Society of Nigeria, 26(1), pp. 53-55, 2001. 
[16] P. Phanjom, M. Borthakur, R. Das, S. Dey, .T 
Bhuyan. Green synthesis of silver nanoparticles 
using leaf extracts of Amaranthus viridis. 
International Journal of Nanotechnology and 
Applications, 6, pp. 53-59, 2012. 
[17] L.S. Devi, S.R Joshi, “Evaluation of the 
antimicrobial potency of silver nanoparticles 
biosynthesized by using an endophyte fungus, 
Cryptosporiopsis ericae PS4,” The Journal of 
Microbiology, 52(8), pp.  667-674, 2014. 
[18] M. Gajbhiye, J. Kesharwani, A. Ingle, A. Gade, 
M. Rai, “Fungus-mediated synthesis of silver 
nanoparticles and their activity against pathogenic 
fungi in combination with fluconazole,” 
Nanomedicine Nanotechnology Biology 
Medicine, 5, pp.  382-386, 2009. 
[19] M. Borthakur, S.R. Joshi, “Micrographical 
analysis of growth deformities in common 
pathogens induced by voucher fungi from India,” 
Journal of Microscopy and Ultrastructure, 4(4), 
pp. 203-210, 2016. 
[20] B. Yang, A. Kotani, K. Arai, F. Kusu, “Estimation 
of the antioxidant activities of flavonoids from 
their oxidation potentials,” Analytical Sciences, 
17(5): 599-604, 2001. 
[21]  L. Barros, J.S. Morais, I.C.F.R. Ferreira “Effects 
of conservation treatment and cooking on the 
chemical composition and antioxidant activity of 
Portuguese wild edible mushrooms,” Journal of 
Agriculture and Food Chemistry, 55, pp. 4781–
4788, 2007b. 
[22] Y. Cai, Q. Luo, M. Sun, H. Corke, “Antioxidant 
activity and phenolic compounds of 112 
traditional Chinese medicinal plants associated 
with anticancer,” Life Sciences, 74, pp. 2157-
2184, 2004. 
[23] 23. R. Hendra, S. Ahmad, E. Oskoueian, A. 
Sukari, M.Y. Shukor, “Antioxidant, anti-
inflammatory and cytotoxicity of Phaleria 
macrocarpa (Boerl.) Scheff Fruit,” BMC 
Complementary and Alternative Medicine, 11, 
pp. 110-119, 2011. 
 
 
Author Profile 
 
Madhusmita Borthakur, MSc, is a PhD Research 
Scholar at the Biotechnology and Bioinformatic 
Department of the North Eastern Hill University, 
Shillong, Meghalaya, India. She has a BSc (Hons) in 
Biotechnology with First Class Honours and an MSc 
Life Science with specialization in Biotechnology. 
She has over four years of research experience. Her 
research interests are directed towards Mushroom 
identification based on morpho, micro and molecular  
 
 
ADBU-Journal of Engineering Technology 
 
Borthakur, AJET, ISSN: 2348-7305, Volume 6, Issue 1, June 2017, 00610605 (09 PP)       
 
 
tools, implementing their applicability in terms of 
nanoparticles, nutrition, antioxidant, anti-microbial.  
She has published her research in various 
international/national conferences/seminars. She has 
been awarded with ESCMID award in International 
Conference on Contemporary Antimicrobial Research 
held in Assam University, Silchar, Assam, India in the 
year 2016. 
 
Jahnabi Gogoi, Msc is a Guest Faculty in Botany the 
Department of Biotechnology, Cotton College, 
Guwahati, She has completed her Masters from the 
department of Botany, Cotton College State 
University, Guwahati, Assam, India in the year 2016. 
She was specialized on Angiosperm Taxonomy and 
was awarded with Gold medal in Botany. She is also a 
recipient of DST-INSPIRE Fellowship for PhD for the 
year 2016-17. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dr. S.R Joshi is an associate professor in the Dept. of 
Biotechnology and Bioinformatics, NEHU, Shillong, 
Meghalaya, India. He was awarded with the best 
graduate in the year 1985-86. He was a gold medalist 
during his graduation (B.Sc), bachelor of education 
(B.Ed), post-graduation (M.Sc).He is an active 
member of Indian society of Analytical Scientist 
(2006), National Academy of Sciences, India (2007), 
Association of Microbiologist of India (2007), 
Biotech Research society of India (2008). He has 
supervised 15 PhD students and is recipient of 
numerous awards. He is supervising with various 
projects under DBT, DST, DEITy, BRNS, NEC, 
OIL, UGC and MoEF. He has 107 research 
publications, 18 book chapters and 12 books as an 
author. He was awarded the best speaker trophy by 
ISRO for the presentation on “Role of Space Science 
and Technology in Science Journalism: Science 
communicators in the new age” at the Science 
Communicators Meet during 97th Indian Science 
Congress at University of Kerela, Trivandrum and Dr. 
Ambedkar Fellowhip National Award 2009 by 
Bharatiya Dalit Sahitya Akademi for literary and 
social services rendered for upliftment of less 
fortunates by way of writing books for School 
curriculum in vernacular language. 
 
